Introduction: Calabash chalk is a naturally occurring mineral, chiefly composed of fossilized sea shells. It is prepared from clay and mud mixed with other ingredients, including lead, arsenic, sand and wood ash. Clay consumption is correlated with pregnancy, and also to eliminate morning sickness in women. The aim of this study is to evaluate the effects of calabash chalk on the ovarian function in adult female Wistar rats. Methods: Eighteen (18) adult female Wistar rats. Group A served as the control group, group B received 40 mg/kg body weight of Non-salted calabash chalk while group C received 40 mg/kg body weight of Salted calabash chalk for 14 days. On day 15, the animals were sacrificed for histological and biochemical examination. Results: Results showed a significant (P˂ 0.05) reduction in follicle stimulating hormone (FSH) levels of the treatment groups when compared with the control group and an increase in luteinizing hormone (LH) levels of the treatment groups when compared with the control group. Histological examination of the ovaries showed severe deterioration of the ovarian follicles, necrosis and follicular atresia. Conclusion: Calabash chalk is toxic to ovarian function. These alterations have been shown to be the leading cause of infertility in female rats. Hence, proper monitoring, education, and regulation of the product is needed.
Introduction
In Nigeria communities, calabash chalk is traditionally consumed as a remedy to morning sickness, nausea and for pleasure. It is reported to be consumed mostly by breastfeeding, non-pregnant and pregnant even though it's not a conventional food (MAPHERSON and PINCUS, 2007) . Calabash chalk is used as an antiperspirant and facial powder when grounded (POPOOLA, BISI-JOHNSON, ABIODUN et al., 2013) . It is also known as calabar stones, Nzu by the Igbos, Ndom by the Efiks/Ibibios of Nigeri, Mabele by the Lingala of Congo, Argile or La Craie in French (DEAN, DEARY, GBEFA et al., 2004) . Calabash chalk is made up of aluminium silicate hydroxide (Al 2 Si 2 O 5 OH 4 ), a member of the kaolin clay group. It consists of metalloids and metals like lead; which forms a high percentage of its constituent, arsenic, iron, aluminium, potassium, zinc, titanium, manganese, barium, chromium, copper, nickel, rubidium and tin respectively (CAMPBELL, 2002) .
The quantity of lead is reported to be approximately 40 mg/kg while organic pollutants like alpha lindane, endrin and endosulphan are found in the chalk (OLUWOLE and BOLARINWA, 1998) . Geophagia can be defined as the habitual and intentional ingestion of chalks, clays and soils (HALSTED, 1968) . Calabash chalk comes in two main forms either as a crude rock sourced directly from the ground or as a mixture that is compacted and fired into a solid.
Two types of chalk exists, they are; Salted and Non-salted calabash chalk exists. Although there is paucity of researches in this area, reports have shown that it causes fragmented liver parenchyma and hepatic sinusoidal enlargements (EKONG, AKPANTAH, IBOK et al., 2009; EKONG, PETER, AKPANABIATU et al., 2013) , depletion of red blood cells (AKPANTAH, IBOK, EKONG et al., 2010), splenomegaly (EKONG, EKANEM, ABRAHAM et al., 2009) , oedema with haemorrhages in the mucosa of the stomach, hyperkeratosis, acanthosis, and koilocytic changes in the mucosa of the oesophagus (EKONG, JOHN, MBADUGHA et al., 2012) , as well as growth rate alteration and femur bone demineralization (EKONG, EKANEM, SUNDAY et al., 2012) .
Constituents of calabash chalk like Kaolin, has been implicated microgliosis, reactive astrocytosis, inflammation, and brain damage (DEREN, PACKER, FORSYTH et al., 2010; KHAN, ENNO and DEL BIGIO, 2006) while lead causes pregnancy problems, as well as, behavioural and deficits in young children (CANFIELD, HENDERSON JUNIOR, CORY-SLECHTA et al., 2003; SHANNON, 2003) .
It's also known to induce biochemical, physiological and behavioural dysfunctions in the central and peripheral nervous systems in human and animals (BRESSLER, KIM, CHAKRABORTI et al., 1999; GOYER, 1996) . Arsenic, a constituent of the chalk could damage tissues and organ systems including the skin, nervous, cardiovascular, respiratory, and gastrointestinal tract (FRUMKIN and THUN, 2001) .
Therefore, these reports on calabash chalk and/or its constituents on different tissue and organ systems show a disturbing trend that can affect ovarian function leading to infertility. Thus, this study is to evaluate the effects of the chalk on ovarian function in adult female Wistar rats.
Ethical Approval
The experimental protocol was by the University ethical review committee, University of Ilorin, Ilorin, Nigeria. The research was approved to be in compliance with the institutional animal care and Use committee (IACUC).
Materials and Methods
A total of eighteen (18) adult female Wistar rats weighing between 180 g and 280 g were procured and bred in the animal house of the Department of Anatomy, University of Ilorin. They were raised at normal room temperature and were given feeds and water ad libitum. The Wistar rats were subjected to a period of two weeks of acclimatization before treatment. The body weights of the rats were taken weekly using the high precision Electronic Analytical Weighing Balance in the Department of Anatomy, University of Ilorin.
All rats were assessed, screened and confirmed to ascertain their health status during the acclimatization period. The two forms of calabash chalk (Salted and Non-Salted) were purchased as blocks from Oja Oba, local market in Ilorin, Kwara State, Nigeria.
Animal grouping
The animals were randomly divided into three (3) groups of six (6) rats in each group.
Group A-received 1 ml of distilled water per day. Group B-received 40 mg/kg body weight of Non-salted calabash chalk daily.
Group C-received 40 mg/kg body weight of Salted calabash chalk daily.
All animals were sacrificed 24 hours after the last day of the exposure (which lasted for 14 days) through abdominopelvic incision by anaesthetizing the animals with 0.2 ml of ketamine.
Preparation and administration of extract
The two forms of chalks ( Figure 1 ) were grinded into powder and 1g of each powder was dissolved in 100 ml of distilled water. Then, 40 mg/kg body weight equivalent of the chalk solution was administered to the experimental animals using an oral cannula.
The formula for the solution was prepared by using:
Volume of X ml weight of rat kg dosage mg / ml Concentration of X mg / ml = ×
Hormonal analysis
For luteinizing and follicle stimulating hormone analyses, the rats of Groups A -C were dissected in the antero-median plane to expose the thoracic region immediately after euthanasia. Blood samples for hormonal assays were obtained from the heart through cardiac puncture with the aid of a 5 ml syringe from all rats employed in the study. The serum was separated by centrifugation at 3000 rpm for 15 minutes. Follicle stimulating hormone and Luteinizing hormone levels were determined based on the principles described in Assay kits of Randox Laboratories (United Kingdom).
Evaluations luteinizing hormone (LH) levels
Microplate wells were formatted for each serum reference, control and specimen to be assayed in duplicate. 0.05 ml (50 µl) of the appropriate serum reference, control or specimen was pipetted into assigned well. 0.l ml (100 µl) of LH-Enzyme Reagent was added to all wells. The microplate was swirled gently for 20-30 seconds for proper mixing. The plate was incubated at room temperature for 60 minutes. The content of the microplate was discarded by decantation (using absorbent paper to blot the plate dry). 350 µl of was buffer was added and decanted. The procedure was done thrice for proper washing of microplate. 0.100 ml (100 µl) of working substrate was added to all wells. The reagents were added in the same order to minimize reaction time differences between wells. The plate was incubated at room temperature for 15 minutes. 0.005 ml (50 µl) of stop solution was added to each and was mixed for 15-20 seconds. Each absorbent was read at 450 nm in a microplate reader (using a well reference wavelength of 620-630 nm to minimize well imperfection). 
Evaluations of follicle stimulating hormone (FSH) levels
The Microwell follicle stimulating hormone (FSH) EIA is a solid-phase enzyme immunoassay based on the 'sandwich' principle. Two separate antibodies directed against distinct antigenic determinants of the FSH molecule were utilized in the assay. The FSH present in the test sample reacted simultaneously with one antibody immobilized on the microwell surface and with another antibody conjugated to horseradish peroxidase enzyme forming an Ab-Ag Ab Enzyme complex on the microwell surface.
The unbound conjugate was removed by washing while colour development reagents (substrates) were added leading to a colour change upon exposure. Colour intensity was a reflection of the amount of bound anti-FSH enzyme conjugate and it was proportional to the concentration of FSH in the specimen within the dynamic range of the assay. After reaction stopped, colour measurement was done using a spectrophotometer at 450 nm.
Histological analysis of the ovaries
The ovaries of all the rats were fixed in 10% formalsaline, dehydrated stepwise in graded ethanol, cleared in xylene and then embedded in paraffin wax. A section of 5µm thick paraffin section of each testicular tissue was stained with hematoxylin and eosin (H and E), followed by examination under a light microscope at ×100 magnification and micrographs taken (BANCROFT and STEVENS, 1996) .
Statistical analysis
Data from all the groups were statistically analysed using Student's t-test with the aid of SPSS (V20, USA) followed by subsequent analysis by GraphPad Prism v5.01 (GraphPad Software Inc. USA) with statistical significance set at P<0.05.
Results

Physical observation and weight changes in animals
The total weights of the rats in group C that received 40 mg/kg body weight per day of Salted calabash chalk gained weight at the start of treatment but progressively lost weight during the treatment period while the rats in group B that received 40 mg/kg body weight of Non-salted calabash chalk per day experienced severe weight loss during treatment while the control group A was on a progressively weight gain.
Hormonal analysis
Results showed there was no significant difference (P>0.05) in follicle stimulating hormone (FSH) levels for all groups even though a reduction was observed (Figure 2 ). Significant increase (P<0.05) in luteinizing hormone (LH) levels was observed for the group that received 40 mg/kg body weight of Non-Salted Calabash Chalk compared to the control group and the group C that received Salted Calabash Chalk (Figure 3 ).
Histological observation
Group (A) Showed a normal cytoarchitecture of the ovaries (Figure 4a ), (B) Showed the presence of an ovarian follicle atresia (Figure 4b ), while group (C) showed the presence follicular atresia, vacuolation and finally necrosis compared to the control group (Figure 4c ).
Discussion
Calabash chalk has been reported to contain several adverse effects known to be detrimental to health. Pregnant and non-pregnant women have a predilection for consuming it especially in Nigeria and other sub-Saharan African countries (DEAN, DEARY, GBEFA et al., 2004) . Thus, this study evaluated the effects calabash chalks (Salted and Non-salted) on ovarian function in adult female Wistar rats.
The weight loss observed might be due to the complication of the act of geophagy called "geophagic syndrome" which is marked by growth retardation, delayed sexual maturity, and liver and spleen enlargements (YAO, 2006) . This decrease observed in the levels of FSH and increase in LH could be as a result of disruption of the hypothalamic pituitary-gonadal axis due to its exposure to lead acetate, a constituent of calabash chalk. The impact of this must have been responsible for the arrest of oogenesis in the ovaries pointing to the disrupted ovaries as shown in the histology (DUMITRESCU, CRISTINA and MUSELIN, 2014) The histological observation of the group administered non-salted calabash chalk were in agreement with reports by authors on the effects of lead, a constituent of calabash chalk strongly suggesting that high levels of lead were linked to altered reproductive function (SILBERSTEIN, SAPHIER, PAZ-TAL et al., 2006; TAUPEAU, POUPON, NOMÉ et al., 2001) and Ovarian atresia, as a result of chronic exposure to lead in female adult rats was reported by (DHIR and DHAND, 2010) The severe deterioration of the ovarian follicles, follicular atresia, presence of vacuolation and finally necrosis observed in group C might be as a result of high levels of lead exposure, a constituent of salted calabash chalk leading to structural changes in the ovaries indicating infertility in the female rats (DUMITRESCU, CHIURCIU, MUSELIN et al., 2015) . This also corroborated with (SHAH, SHARIF, KHAN et al., 2008) who reported a reduction in the numbers of ovarian follicles thereby, increasing the number of atretic follicles after oral administration of high doses of lead. All these can be attributed to the effects of lead on reproductive systems which are sex specific and complex, and they seem to involve the hypothalamic-pituitary-gonadal axis on multiple locations, confirming our findings on adult female rats.
Conclusion
In conclusion, these alterations can disrupt the hypothalamic pituitary-gonadal axis and may have been responsible for the arrest of oogenesis in the ovaries of experimental animals which can be responsible for female factor infertility. Hence, there is need for the proper monitoring, education, and regulation of the product.
